Abstract A Remote Vital Sign Monitor is an in-home healthcare system designed to wirelessly monitor core-body temperature. The Remote Vital Sign Monitor provides accuracy and features which are comparable to hospital equipment while minimizing cost with ease-of-use. It has two parts, a bandage and a monitor. The bandage and the monitor both use the Chipcon2430(CC2430) which contains an integrated 2.4GHz Direct Sequence Spread Spectrum radio. The CC2430 allows Remote Vital Sign Monitor to operate at over a 100-foot indoor radius. A simple user interface allows the user to set an upper temperature and a lower temperature that is monitored with respect to the core-body temperature. If the core-body temperature exceeds the one of two defined temperatures, the alarm will sound. The alarm is powered by a low-voltage audio amplifier circuit which is connected to a speaker. In order to accurately calculate the core-body temperature, the Remote Vital Sign Monitor must utilize an accurate temperature sensing device. The thermistor selected from GE Sensing satisfies the need for a sensitive and accurate temperature reading. The LCD monitor has a screen size that measures 64.5mm long by 16.4mm wide and also contains back light, and this should allow the user to clearly view the monitor from at least 3 feet away in both light and dark situations.
Introduction
People has recognized the significance of core-body temperature as a measure of good health for centuries.
Although a correlation between body temperature and health was clearly recognized, accurately measuring the body temperature was not possible in the old age. Sir Thomas Allbutt is attributed with inventing the first widely improved clinical thermometer in 1866 which touted a much shorter length and measurement time. This method of obtaining temperature was virtually unchanged until the 1990's when digital thermometers were developed. Consumers are now accustomed to variations on the standard digital thermometer such as tympanic and temporal scanning thermometers. These devices offer a wide range of conveniences and accuracy. A Remote Vital Sign Monitor will be a hybrid of existing thermometers because it will provide the convenience of the temporal scanner with the accuracy of the digital thermometer while having its own unique constrains. The Remote Vital Sign Monitor is an in-home system designed to wirelessly monitor vital signs. The initial system offers a hands-free method for continuously monitoring the core-body temperature of an individual by using a novel type of digital thermometer. A temporal artery thermometer, which is similar to a temporal scanning thermometer, is used to obtain an accurate core-body temperature from the temporal artery.
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System Overview
The Remote Vital Sign Monitor utilized two separate devices: a bandage and a monitor. Each device contains an identical micro controller which contains an integrated radio for wireless communication. The bandage uses temperature sensing devices that are placed over the temporal artery in order to measure core-body temperature. An Analog to Digital Converter(ADC) located in the micro controller is used to monitor the temperature sensing devices. The micro controller located at the monitor receives the ADC measurements from the bandage and then uses an algorithm to calculate the core-body temperature of a patient. An alarm system is used at the monitor to alert users when a core-body temperature exceeds the user-defined limits. Figure 1 
Fourier's Law of Heat Conduction
The Remote Vital Sign Monitor's calculation of core-body temperature is based on the theory of Fourier's Law of Heat Conduction which describes the heat transfer in a system due to a temperature differential. Heat transfer in a system operates much like an electric circuit; when a difference in potential energy exists across a medium, energy is transferred from the higher potential to the lower potential until the two potentials reach equilibrium.
Researchers from the University of Calgary havers rive of form of Fourier's Law which is specific to a particular bandage topology and used as an example when the Remote Vital Sign Monitor is designed. Figure 2 shows the construct which was first developed by the University of Calgary [1] .
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The Remote Vital Sign Monitor's bandage is designed to reduce the effects of heat loss and is crucial to obtaining the most accurate temperature measurements.
The condensed form of Fourier's Law, shown in Equation 
where   is the core-body temperature in degrees Fahrenheit,   is the temperature of the skin in degrees Fahrenheit,   is the ambient temperature inside the bandage in degrees Fahrenheit,   is the thermal conductivity of the bandage, and   is the thermal conductivity of the skin [1] . There are two key components of the bandage which allow heat loss to be ignored: the bandage package and the thermal insulation.
The bandage package encloses the skin and prevents air from flowing over the skin. As a result, heat loss due to convection is prevented. Without convection, evaporation is impossible and heat loss due to evaporation can be ignored. The thermal insulation, which is assumed to be a perfect insulator, forces all of the heat flux leaving the temporal artery to be absorbed by the temperature sensing devices. Since the temperature sensing devices absorb all of the heat flux emitted from the temporal artery, heat loss due to external sources can therefore be ignored. If the heat losses due to environmental factors were not ignored, the Remote Vital Sign Monitor would not be able to calculate core-body temperature in any situation [1] .
Flex PCB
The flexible PCB plays an integral role in enabling accurate temperature measurements. The flexibility of the PCB allows the temperature sensing devices to have maximum skin contact. By maximizing surface area in contact with the skin, the amount of heat flux absorbed by the temperature sensing devices is increased. In addition, the flex PCB allows the bandage to conform to the varying sizes of users' temples. However, because of economical constraints, a rigid PCB had to be used. Tests show that the temperature accuracy is not affected by the rigidity of the PCB.
Thermal Insulation
Thermal insulation is a major factor in obtaining accurate temperature measurements. The material selected should be safe to use. Some safety concerns of thermal insulators can arise if they are hydrophilic or desiccants.
These types of materials dry out the user's skin. The material chosen as the insulator for the bandage needs to be a well known thermal insulator. The Remote Vital Sign Monitor will use a thin rubber pad for insulation.
One side of the material has a layer of tape which will assist in creating good contact with the surface during packaging. (2).
Thermistor Hardware
where  is the resistance of the thermistor in Ohms,  is the temperature in degrees Kelvin, and  ,  and  are the three Steinhart-Hart parameters. Table 1 shows various outputs at different temperatures.
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Micro controller
PCB design
The bandage consists of three separate PCBs. The bottom two layers are simple voltage divider circuits containing the thermistors and reference resistors. The top layer is a control layer which contains the battery, micro controller, and antenna. Figure 5 shows the control layer layout in Eagle and figure 6 shows the fully populated PCB. The monitor PCB contains an alarm, a display, and controls for the user interface. Figure 7 shows the monitor PCB layout in Eagle and Figure 8 shows the fully populated PCB.
[ Fig. 7 ] Monitor PCB Layout in Eagle 
Charge Pump
In order to fulfill the battery life requirements, it was necessary to find a way to eliminate the high quiescent current draw from the alarm system and the LCD. The
Max682 from Maxim Electronics converts a 3V input to a 5V output. The chip also has an enable pin which allows the micro controller to activate the desired station only when it is needed. When the chip is not enabled the quiescent current is only a few micro amps.
Test Certification
Battery Life
In order to determine the batteries needed for the Remote Vital Sign Monitor, the current of each substation was measured. These values can be seen in Table 2 . 
Name
Operating Range
To test the operating range of the Remote Vital Sign
Monitor, the monitor station was placed at the end of a corridor while the bandage was moved away from the monitor station. The length of the corridor measured to be approximately 163 feet.
Alarm Audibility
The alarm audibility of the Remote Vital Sign Monitor was tested by sounding the alarm and moving 30 feet away from the source. The alarm was clearly heard while the monitor was 30 feet away. Figure 9 shows the output of an oscilloscope as the alarm sounded with a frequency of 245 Hz.
[ Fig. 9 ] Alarm Waveform
The alarm audibility suffered when the design was moved from a bread-board prototype to the final PCB. By adjusting the frequency the alarm became more audible.
The alarm can still be heard from thirty feet away heard therefore still meets the constraint.
Display Visibility
The visibility of the LCD display needed to be validated through visual inspection. The LCD was set up at a distance of three feet away from a camera to determine if would follow the visibility constraint. Figure   10 shows the display.
[ Fig. 10 ] Display Visibility
Temperature Accuracy
In order to calculate a core-body temperature accurately, the thermistors must be able to produce extremely accurate measurements. By using the Steinhart-Hart method of calibrating the thermistors, mentioned in section 2.5, the Remote Vital Sign Monitor was able to calculate the temperature that the thermistors were sensing to a high degree of accuracy. The core-body temperature was calculated by using an under the tongue thermometer. The bandage was placed on the temple and a full system test was performed.
Because the core-body temperature is calculated using a temperature differential found in the two bandage layers, the initial measurements displayed are misleading. Over time, the accuracy of temperature reading will increase as the bandage becomes thermally stable.
User Interface (UI)
The UI of the Remote Vital Sign Monitor is a collection of push buttons, and an LCD which allows users to control the temperature thresholds and modes of the Remote Vital Sign Monitor. Figure 11 shows the UI with all of the components labeled.
The Remote Vital Sign Monitor has three modes of operation: display the current temperature, set the upper temperature threshold, and set the lower temperature
threshold. The UI was tested by using the push buttons and the LCD monitor to verify that the Remote Vital Sign
Monitor was in the correct mode of operation and that the temperature parameters could be set.
[ If the monitor or the bandage goes out of range, a message is displayed to the user. Figure 16 shows the out-of-range message that is displayed.
Conclusion
Assembling the Bandage PCB requires finesse in order to ensure its functionality. There is a design flaw in the physical board in which the top copper is connected to V+ causing a short under the CC2430, if it is not handled correctly. The entire underside of the CC2430 is composed of metal which should make solid contact with a ground plane. If not handled correctly, the metal under the CC2430 could be connected to V+ when it should be connected to ground. In order to rectify this problem, thermal tape is placed over the PCB metal to ensure no connection occurs between the bottom of the CC2430 and the metal on the PCB. After ensuring that all the exposed metal is covered in thermal tape, the grounding metal needs to be exposed. Another design flaw in the board is that the grounding metal for the CC2430 is covered in solder-mask allowing no ground connection to the chip. Finally, in order to complete and measure more accurate human core-body temperature a flex PCB are required.
